Introduction
There is a public demand for environmental practices that reduce pollution and a growing demand for restoration of contaminated sites. A variety of chemical, physical and biological methods are used for oil-polluted soil remediation. The biological oil-polluted soil treatment method is used widely because it is cheap and relatively effective. However, it is not always easy to achieve desired results because microorganisms are dependent on seasonal temperature fluctuation [1] , big oil concentration in oil-polluted soil [2] and on bioavailability of pollutants. The spontaneous soil remediation processes are very slow because of low solubility of oil and oil products in water [3, 4] . Surface active compounds (SAC"s) are widely used wetting agents that lower the surface tension of a liquid, allowing easier spreading, and lower the interfacial tension between two liquids. Surfactants are organic molecules that usually consist of a hydrophobic and hydrophilic part. The hydrophilic part makes surfactant soluble in water, while the hydrophobic part makes them tend to concentrate at interfaces. The presence of surfactant molecules at air-water interface results in a reduction of the surface tension of aqueous solutions and leads to the stabilization of foams. Another characteristic of surfactants is the formation o micelles, small agregates of surfactant molecules. Depending on the nature of the hydrophilic group, four types of surfactants can be distinguished: anionic, cationic, zwiterionic and non-ionic surfactants. Surfactants can be produced chemically (synthetic surfactants) and biologically (biosurfactants). The most common hydrophobic parts of synthetic surfactants are parafins, olefins, alkylbenzenes, alkylphenols and alkohols; the hydrophilic goup is usually a sulphate, sulphonate or a carbxylate group (anionic surfactants), a quaternary ammonium group (cationic surfactants), polyoxelene, sucrose or polypeptide group (non-ionic). The major classes of biosurfactants include glycolipids, phospholipids, fatty acids, lipopeptides/ lipoproteins, and biopolymeric biosurfactants. Surfactants are produced on large scale and have numerous applications, e.g., as additives in cleaning agents, food, cosmetics, in mining and road construction, detergents, fabric softeners, emulsifiers, paints, adhesives, inks, foaming agents, soil bioremediation etc. Some applications of biological surface active compounds are shown in Table 1 . Surface active compounds improve the bioavailability of highly hydrophobic pollutants. They reduce surface tension and therefore improve the solubility of oil and oil products in water and availability for the microorganisms. It is frequently observed that the rate of removal of compounds from soil is very low even though the compounds are biodegradable. Biodegradation of hydrophobic compounds may take place only in the aqueous phase. The rate at which a particular organic compound dissolves in water is critical to its biodegradability, as this governs the rate of transfer to the organism. The application of surfactants to release hydrophobic pollutants, with the objective of increasing their bioavailability and biodegradability, has mixed results [6] . In particular, surfactants vary greatly in their toxicity to humans and ecotoxicity, and their resistance to biodegradation may lead to the secondary pollution. This is one of the major barriers to the development of the technique. For soil remediation systems, another technology inhibiting observation is that the addition of surfactants to soil can form highly viscous emulsions that are difficult to remove. Large quantities of surfactants are also required [7] and in a soil system, large quantities of aqueous chemicals can ruin soil permeability. Many synthetic surfactants inhibit PAHdegrading microorganisms [7] . Introduction of a surfactant in the environment will always lead to contamination with this surfactant and is, therefore, of little use when the compound itself gives rise to environmental concern. Consequently, the toxicity of the surfactant and its potential degradation products is one of the most important criteria for the selection of surfactant in soil clean-up. Because of the use of the surfactants on large scale in detergents, the toxicity of these compounds has been tested relatively well. The toxic effect of surfactants on bacteria can be explained by two main factors: disruption of cellular membranes by interaction with lipid components and reactions of surfactant molecules with protein essential to the functioning of the cell. Surfactants biodegradability is a factor that can have negative and positive effects in the use of surfactants for bioremediation. Negative effects can be caused by: depletion of minerals and oxygen; toxicity of surfactant intermediates, which are often more toxic than the parent compounds; or preferential degradation. Moreover, the degradation of the surfactant will reduce any bioavailability enhancing effects. The most obvious positive effect of surfactant degradation is the removal of the surfactant from the polluted site. Furthermore, the presence of a degradable surfactant may enhance the uptake rate of hydrocarbons. Another positive effect is that a degradable surfactant might be used as a primary substrate when the pollutant is degraded co-metabolically. Biologically produced surfactants accur naturally in soil, and the use of these surfactants in bioremediation processes may be more acceptable from a social point of view. In comparison with sunthetic surfactants, a lower toxicity can be expected from most biosurfactants, although some biosurfactants can be as toxic as synthetic ones. The biological oil-polluted soil washing by biological surfactants is used more and more widely in situ and ex situ soil remediation. Biosurfactants may offer several advantages over synthetic surfactants; they are very effective surfactants, having about a 10 to 40 fold-lower critical micelle concentration than synthetic surfactants. Their production by microbes is widespread: in the last decade at least 13 new glycolipid producers and 13 new lipopeptide producers have been reported [7] . Biological surface active compounds are produced by a wide variety of microorganisms: Pseudomonas sp., Rhodococcus sp., Acinetobacter sp., Azotobacter vinelandii [8] . The low molecular mass biosurfactants are generally glycolipids or lipopeptides, the high molecular mass biosurfactants are polysaccharides, proteins, lipopolysaccharides, lipoproteins or complex of these biosurfactants [9] . Various biosurfactants, produced by different microorganisms are listed in Table 2 . . After initial testing, rhamnolipids seem to have potential applications in combating marine oil pollution, removing oil from sand and in combating zoosporic phytopathogens [9] . The aim of this study is selection of microorganisms, producing biosurfactants, showing best results in emulsifying hydrophobic compounds.
Materials and methods
Microorganisms. Forty two strains of hydrocarbon degrading microorganisms were used for the investigation. The microorganisms were isolated from the petroleum hydrocarbon polluted environment and are maintained in the cultures collection of JSC Biocentras. Media and cultivation conditions. Nutrient broth (Oxoid, United Kingdom) was used for preparation of the innoculum. Emulsification measurement. Emulsification activity was measured by adding 5 ml nhexane to 5 ml of 10 % suspension of culture liquid in 0.1 M Na 2 CO 3 and hand shaking for 30 s. The mixture was kept still 1 h prior to measurement. The emulsification activity was calculated by dividing the measured height of the emulsion layer by the total height and multiplying by 100.
Results and discussion
The results are shown in Table 3 . It is clearly seen three strains showing high emulsification activity: 21, Gr2 and N3 (68.2, 52.2 and 49.5 %, respectively) ( Table 3. ). The highest activity towards n-tridecane has strain 21 (68.2 %). These strains are selected to the future soil bioremediation technology using biological surface active compounds. Conclusions  SAC"s are applied widely in different areas, such as textile, food, inks, environment cleanup etc. Biological surfactants are more advantageous in comparison with synthetic because of lower toxicity and thus can be applied more widely.  The method for selection of microorganisms having emulsification activity was selected and applied.  Three strains, having high emulsification activity were selected from 42 hydrocarbons degrading microorganisms strains: 21, Gr2 and N3. The highest emulsification activity has strain 21-68.2 %.
